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Definition of Radioactive Materials

RADIOACTIVE MATERIALS contain 
unstable atoms that seek stability by 
emitting radioactivity in the form of 
neutrons, alpha particles, beta 
particles, and gamma rays.
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Sources of Radioactive Materials

The primary sources of radioactive 
materials at a nuclear power plant 
are:

• FISSION PRODUCTS

• ACTIVATION PRODUCTS.
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Sources of Radioactive Materials

FISSION PRODUCTS

Atoms fission, or split, into two smaller 
atoms, and not always the same two 
smaller atoms. 

Many of these fission product atoms are 
unstable and seek stability by emitting 
radiation in the form of particles or 
energy waves.
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Sources of Radioactive Materials

ACTIVATION PRODUCTS

Non-radioactive material can become 
activated by interactions with radiation 
(e.g., get hit by neutrons or gamma rays).

CHEMICAL INJECTION – many plants inject chemicals that 
“coat” pipes to retard rusting and corrosion; some of these 
chemicals get activated

RADIOLYTIC DISASSOCIATION – water molecules flowing through 
the reactor core can get broken apart into hydrogen and 
oxygen molecules; subsequent interactions involving 
oxygen and nitrogen molecules can form Carbon-14

RUST AND OTHER PARTICLES – debris in the water can get 
activated flowing through the reactor core
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Sources of Radioactive Materials

ACTIVATION PRODUCTS

Example: Boron is dissolved into the 
water circulating through the reactor core 
to help control the nuclear chain reaction.

A boron atom absorbing a neutron can 
produce helium and tritium byproducts.

Tritium, a radioactive isotope of a 
hydrogen atom, can combine with oxygen 
to form tritiated water (or tritated water 
vapor).
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Forms of Radioactive Materials
LIQUID

Fission products leaked into water or 
activation products created in water or 
carried by water form radioactive liquids. 

GASEOUS

Radionuclides “bubble” out of water or 
evaporate to form radioactive gases.

SOLID

Filter/demineralizers that purify water, water 
soaking into concrete, pipes activated by 
irradiation are radioactive solids.
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During reactor operation, there 
were lots of fissions, lots of water 

circulating, and lots of systems 
handling contaminated water.

During decommissioning, there 
are fewer fissions, less water 

circulating, and fewer systems 
handling contaminated water. 

What difference does it all make?

Radioactive Materials Then and Now
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This report contains data on radioactive 
material releases and radiation doses 

during operation and decommissioning.
Source: https://adamswebsearch2.nrc.gov/webSearch2/main.jsp?AccessionNumber=ML023470304
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The data from Table G-15 shows that the 
releases of liquid and gaseous 

radioactive materials, with the exception 
of airborne tritium, are significantly less 
at a decommissioning plant than at an 

operating plant. 

Radioactive Materials Then and Now
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Radioactive Materials Summary

Although the amounts of radioactive 
materials created, stored, and released 
during decommissioning are less than 
the amounts during reactor operation, 

the federal regulations governing 
monitoring, control and reporting of 

radioactive materials remain the same 
because workers and the public still 

require protection. 
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Some radiation detectors monitor 
continuously for gamma rays, beta and 

alpha particles.

Some radiation detectors blow air 
through filters that collect particles. 
The filters are collected weekly or 

monthly and sent to labs for analysis.

Continuous vs Sampling Monitoring



Tools like this GammaCam allow workers to 
“see” radioactively contaminated materials.
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Radioactive gases can be released to 
the atmosphere by several paths.

Control of Radioactive Liquids
Numerous tanks enable water to be 
processed and re-used in the plant.
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Radioactive gases can be released to 
the atmosphere by several paths.

Control of Radioactive Liquids
When tanks fill, water can be 
released to the Hudson River
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That pathway is monitored and the release is 
stopped when high radiation is detected.
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Radioactive Material Accounting

Before a tank of radioactively 
contaminated water is discharged to the 
river, a sample is taken and analyzed to 

determine the concentrations of its 
radionuclides. The amount of water 

discharged is recorded. The 
concentrations multiplied by the volume 

of water released determines the total 
quantity of each radionuclide released.
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Control of Leaked Radioactive Liquids

Numerous monitoring wells (MW) check for leaks 
and spills of contaminated liquid into the soil.
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Control of Radioactive Gases

Radioactive gases can be released to 
the atmosphere by several paths.
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Each pathway is monitored and closed 
when high radiation is detected.
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Radioactive Material Accounting

Similar to the liquid release accounting, 
the contents of buildings are periodically 
sampled and analyzed to determine the 

concentrations of radionuclides present. 
The exhaust flow rates are recorded to 

then determine how much of each 
radionuclide was discharged to the air.
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Federal regulations 
require all liquid and 
gaseous releases of 
radioactive materials 
to be monitored and 

the totals reported to 
the NRC annually.

NRC inspectors 
periodically audit the 

monitoring and 
reporting processes.

Source: https://adamswebsearch2.nrc.gov/webSearch2/main.jsp?AccessionNumber=ML20136A402
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Federal regulations further 
require assessment of the 

radiation dose to the 
public from the released 

radioactive materials.
Federal limit on radiation 
dose to the public is 25 
millirem to the body and 
75 millirem to the 
maximum organ.

Source: https://adamswebsearch2.nrc.gov/webSearch2/main.jsp?AccessionNumber=ML20136A402

In 2019, radiation doses to 
the public from all releases 
to the air and water of 
0.434 millirem to the body 
and 0.954 millirem to the 
maximum organ were well 
below the federal limits
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Source: https://adamswebsearch2.nrc.gov/webSearch2/main.jsp?AccessionNumber=ML20136A402

The annual reports also provide results from the 
analyses of samples from the monitoring wells.
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Federal regulations also require 
monitoring for radioactive materials 
outside of the plant’s outer fences.

Source: https://adamswebsearch2.nrc.gov/webSearch2/main.jsp?AccessionNumber=ML20136A400
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There are 16  
radiation monitors 
located 0.4 to just 
over 2 miles from 
the site providing 
continuous readings 
to a plant computer 
that Department of 
Public Service can 
access. 

Holtec committed 
to keeping these 
detectors in service 
until all spent fuel is 
in dry storage.



The table shows how long it takes 
10,000 isotopes of fission products 

X, Y, and Z to emit radiation.
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Timing of Radioactive Emissions

“Half-Life” is the time required, on average, 
for half of the isotopes of an atom to decay.



The rows of  this table 
shows radionuclides and 
their inventories 
(amounts) as a function 
of  time since reactor 
operation ended.

These amounts only 
reflect the contents of  the 
nuclear fuel in the last 
core operated in the 
reactor.

Spent fuel removed from 
the reactor during 
refueling outages prior to 
the last cycle of  operation 
would increase these 
amounts.

But this table illustrates 
how the passage of  time 
lessens the inventory of  
radioactive materials.



The half-life of  a 
radionuclide determines 
how fast it decays after 
reactor operation.

For example, Cesium-134 
has a half-life of  just over 
767 days or about two 
years.

As shown, two years after 
reactor operation ends, 
nearly half  of  the 
Cesium-134 inventory has 
decayed away.

Radioactive decay in the 
form of  alpha and beta 
particles and gamma rays 
represent radioactive 
bullets that can harm 
living things they strike.



Radionuclides with longer 
half-lives, such as those 
shaded in green, are 
essentially revolvers filled 
with radioactive bullets 
not yet fired.

For context, Beryllium-10, 
Calcium-41 and Niobium-
94 could not have caused 
any harm during the five 
years since end of  reactor 
operation because they 
have not yet fired many of  
their radioactive harm. 

Because their revolvers 
remain loaded, they 
remain hazards in the 
future.



Radionuclides with short 
half-lives, such as those 
shaded in green, are 
essentially empty 
revolvers whose 
radioactive bullets have 
already fired.

Thus, three months after 
the end of  reactor 
operation, Iodine-131 and 
radionuclides listed below 
it in the table no longer 
pose a future radioactive 
threat because their 
radioactive bullets have 
been fired.



Indian Point Unit 1 ended 
its reactor operation in 
October 1974. 

Manganese-54 and the 
radionuclides listed below 
it in the table are now 
empty revolvers without 
radioactive bullets 
remaining to fire. 



Indian Point Unit 2 ended 
its reactor operation on 
April 30 2020. Barium-140 
and the radionuclides 
listed below it in the table 
are now empty revolvers 
without radioactive bullets 
remaining to fire. 



Indian Point Unit 3 ended 
its reactor operation on 
April 30 2021. Iodine-131 
and the radionuclides 
listed below it in the table 
are now empty revolvers 
without radioactive bullets 
remaining to fire. 


